INTRODUCTION
amount of water was fixed for all mortars at w/cm 0.55, and enough SP was added 118 to reach a flow value between 105% and 115%. The chosen w/cm for mortars was 119 higher than that previously used for pastes to avoid using high amounts of 
135
A summary of the proportions used for all cement pastes and mortars studied in this 136 work is presented in Table 1 .
137

RESULTS AND DISCUSSION
138
Materials characterization
139
Chemical and mineralogical composition results for NS and PS, obtained by XRF Table 3 . In Figure 2 are shown the particle size curves for NS and PS.
147
It was found that both mineral additions presented a broad particle distribution within 148 their size scale, being NS in the scale of nanometers and PS in the scale of 149 micrometers. Regarding the specific surface area results it was found that PS 150 presented almost three times more specific surface area than NS, which does not 151 correspond with their particle size. PS presented a high specific surface area due to 152 its pyrogenic origin, which generates very porous particles (Gutsch et al. 2002) ; this 153 was supported by a measured density of 0.4 g/cm3 for PS and 2.1 g/cm3 for NS,
154
showing that PS has very low density for a siliceous material, this value is proper of 155 a porous material. NS presented a high specific surface area due to its small particle 156 size (Ji 2005; Li et al. 2006; Qing et al. 2007 ).
157
Water and SP demand
158
One of the direct consequences of the usage of high specific surface area or very 159 fine mineral additions is the increase in water and/or SP demand of the cement 160 matrices (Björnström et al. 2004; Li 2004; Qing et al. 2007 ). This was studied in 161 pastes and mortars through normal consistency and flow testing respectively. The 162 water demand for each solid substitution was assessed by increasing the amount of 163 water added to the paste until reaching normal consistency, while the SP demand 164 was found by fixing w/cm in 0.32 and adding SP until reaching normal consistency.
165
Water and SP demand results are presented in Figure 3 . It can be seen that, as 166 expected, both NS and PS increased the water and superplasticizer demand, being 167 higher both demand values for PS in all cases. This can be related to the high 168 porosity of PS predicted from its high surface area, which can not only adsorb water 169 and SP on its surface, but it is also able to absorb them into its pores.
170
The specific surface area results presented in Table 3 were used to compute the 171 total amount of solid surface area in 1000 g of each paste studied, i.e. the combined 172 areas of cement and mineral addition taking into account the solid substitutions.
173
Using the proportioning of each paste, the mass of each component was calculated 174 to obtain 1000 g of paste, and then each mass was multiplied by its specific surface area and by added percentage to obtain the total surface area available in each 176 paste. It was assumed that when in contact with water all particles maintained their 177 dispersion state and its specific surface area was not modified. This is presented in 
187
The water and SP demand of mortars were studied using a similar approach to that Similarly, to the results in paste, in mortars it was also found that both NS and PS 191 increased the water and superplasticizer demand proportionally to the amount of 192 them present in the mortars, being higher the demand values for PS in all cases.
193
The total surface area of cement and mineral addition available in 1000 g of mortar
194
was also computed using the same method to obtain the total surface area of solids rather than the early pozzolanic effects of PS or NS.
239
Calorimetry
240
The obtained results for the NS blended pastes are presented in Figure 9 . The first Regarding the total energy release (Figure 9d ) it was found that the NS blended 262 pastes released a higher amount of heat when compared to the control paste throughout all the testing time. Furthermore, it can be seen that there is an increase 264 of the total amount of energy with respect to the control sample, and this amount is 265 proportional to the amount of NS present in the paste. The highest increase was 266 found for the 10% NS paste, and was of 9.8% with respect to the control sample.
267
This confirms the positive effect of NS over the hydration kinetics of cement.
268
The same approach used for NS, was used to study the influence of PS over the 269 hydration kinetics of cement paste. Results are presented in Figure 10 . It was found 270 that all samples blended with PS presented a lower amount of energy released in 271 the first heat release peak (Figure 10b ). This can be associated with the high water 272 demand of the PS particles.
273
The second heat release peak (Figure 10c ) was found to be decreased and 274 displaced to the right, i.e. retarded. This effect can be associated with water 275 absorbed in the PS porous structure and not being available to contribute to the 276 clinker dissolution and hydration. Additionally, it can be seen that despite an overall 277 retardation, there is a recovery of the time at which the second heat release peak In the total released energy results (Figure 10d ) it can be seen that while the amount The effects of NS and PS on the main heat release peak, i.e. the C-S-H and Ca(OH)2 293 formation, which was found to occur between 120 and 1480 minutes, are presented 294 in Figure 11 . This peak was chosen to compare the effects of NS and PS because 295 both materials studied are pozzolans and their main effect is to enhance the C-S-H 296 production. The total solids surface area available in 1000 g of paste was also used 297 as comparison basis. It can be seen that even though PS has more surface area 298 available, it has a lower effect on the amount of energy released. Nevertheless, PS 299 enhances the amount of heat released probably due to physical effects rather than 300 to pozzolanic activity.
301
Capillary suction
302
Mortars were prepared using a fixed w/cm of 0.55 and enough SP to obtain a flow 303 value of 110 ± 5 %, the amount of SP used for each mortar and its corresponding 304 flow is presented in Table 4 . The effect of NS and PS on the porosity of mortars was the control mortar, it can be seen that NS decreased both the total amount of water 310 absorbed and the rate at which suction occurred, while PS maintained the same 311 water suction rate, but increased the total amount of water absorbed by the matrix.
312
This is a clear indication that NS is able to refine the porous structure of the matrix 313 by increasing its tortuosity, which increases the difficulty of water to be absorbed,
314
and decreases the total amount water absorbed which is associated with the pore 315 volume, that is to say, NS diminishes the total volume of accessible pores. On the 316 contrary, PS maintained the same water absorption rate and increased the total 317 amount of water absorbed, this can be related to a lower pozzolanic activity and to 318 the fact that PS itself is a highly porous material.
Compressive strength results for NS blended mortars are presented in Figure 13 . It 321 can be seen that the 1 and 3%NS mortars have compressive strength values similar 322 or lower to that of the control mortar, and only substitutions higher than 5% of NS 323 have significant effect over their compressive strength. The 10% NS substitution 324 obtained the best result, reaching an average compressive strength after 28 days of 325 curing of 73.7 MPa, which is a 70% increase when compared to the control mortar 326 at the same age. It should be also noticed even though the highest increase with 327 respect to the strength of the control mortar was obtained after 1 day of hydration 328 (116% for the 10% NS mortar) over time an increase of average 80% was maintained 329 for all samples. This indicates that NS has a very strong early activity and is capable 330 of maintaining some of this activity over time.
331
Compressive strength results for the PS blended mortars are presented in Figure   332 14. It was found that from the third curing day ahead, the 5 and 10% PS mortars matrix. This shows that a very high specific surface area is not enough if this is not 347 accompanied by a sufficiently small particle size.
348
FINAL DISCUSSION
• Specific surface area has a great impact on the water and SP demand in 386 order to obtain an adequate workability, the benefits of a higher surface area 387 were not translated completely into the performance of pastes and mortars.
388
• The demand water and SP, which are directly related to the specific surface 389 area and to the porosity of the solids in the paste, drive the effect of the 390 studied particles on the hydration kinetics and setting time. • Despite its high SSA, PS was less efficient than NS to enhance the 398 compressive strength of mortars due to an excess of water and SP in the 399 mortars and to its delayed pozzolanic activity, which produced the lack of 400 refinement of the porous structure. 
